According to a wide convergence of evidence indophenol dyes are reduced more simply and rapidly than is ferricyanide, by illuminated chloroplasts (5, 6, 14, 16, 17, 18) . In fact it seems probable that the two oxidants are reduced by different sites of electron transport in the chloroplasts. Many kinetic data are now available on the chloroplastic reduction of intermediate concentrations (10-4 M) of ferricyanide (7, 11) . The following data on the reduction of 2,6-dichlorophenolindophenol (DPIP) by 
Materials & Methods
Suspensions of once-washed, partially fragmented chloroplasts were prepared from leaves of spinach (Spinacia oleracea L.) or New Zealand spinach-(Tetragona expansa Murr.) and their chlorophyll contents were determined, as already described (8) . The spinach chloroplasts were resuspended in water and kept at 4 C for immediate use. The chloroplasts from New Zealand spinach were resuspended in 0.5 M sucrose and aliquots, each to be separately thawed and partially used for one rate measurement, were stabilized by storage on dry ice after snap freezing (4 
wlhere (E.')t), is the standard potential at a givein pH and at temperature t, C, and wlhere (E0' )tl is the corresponding potential at temperature t, C. The standard potential of DPIP at pH 6.5 and 20 C was 0.273 v. It was necessary to renew dye solutions frequently, and check the concentration spectrophotometrically. The index potentials (10) 
Results
An example of data obtained with an active preparation of market spinach chloroplasts is given in figure 1. A comparison oxidants with that of DPIP. Because the fall of potential in the dark was quite protracted in the absence of DPIP, illumination was started before that phase slowed and the rate in the dark was then subtracted from that in the light to obtain the values listed. As a result it appeared that the photochemical reduction in the absence of DPIP was slower than that in the presence of 4.6 X 10-7 M DPIP, so that the natural oxidants had not taken control at the electrode. The order (n) of a reaction can be calculated from the slope of the curve of log rate (dc/dt) vs. log concentration (c) since log dc/dt = log k + n log c where k is the velocity constant. To apply to DPIP reduction per se the lowest, most limiting concentrations of DPIP must be considered. When this was done the order was greater than one. A straight line of slope 1.5 intersects the data for the three lowest DPIP concentrations.
Discussion
The potentiometric method is of use in studying the kinetics of reduction of low concentrations of DPIP, as well as ferricyanide (13) . The velocity determinations reported here were less accurate than those for ferricyanide with which Rieske et al. (11) a decade later determined the rate parameter (kD) of the composite dark step of the Hill reaction. That parameter was described (7) as "Some combination of true rate constants for elementary steps multiplied by the concentrations of unknown 'hidden' reactants." These authors avoided oxidant concentrations that limit the rate of the Hill reaction on the suspicion that under those circumstances the rate is controlled by a first order diffusion process (7, 11) .
The above measurements with low concentrations of DPIP suggest that more than one molecule of DPIP is necessary at some stage of the dark reactions. These data (table I) were handicapped by the low activity of this preparation of chloroplasts (compare fig 1) , like others from New Zealand spinach (9) . In such a system a different dark reaction is rate limiting at normally used concentrations of oxidant (9, 12) . The photochemical evolution of oxygen is included in this age-inactivated part (9, 18) , but the data of Witt et al. (18) indicate that the labile site is actually the temperature dependent component, E, catalyzing electron transport from the photochemical oxidation of OH-to the photochemical reduction of TPN or added oxidants (see also 6, 16) . With the aging of chloroplasts the normal electron flux to cytochrome f is decreased, so the oxidized form of the cytochrome becomes increasingly available to react with reduced DPIP (18) . This will interfere with the measurement of the rate of reduction of DPIP and can account for the non-integral value of the order of that reaction estimated above. By curtailing the apparent rate of reduction more at higher dye concentrations (9) the age-inactivated reaction would mask the order by decreasing the estimated value. A competing first order reduction or reoxidation in the presence of a second order reduction can cause an apparent order of reduction between one and two with respect to oxidant concentration. Since DPIP may indeed become involved in several different chloroplast reactions (18) , considerably more work is required for a resolution of its reaction kinetics.
The precise techniques of Lumry and coworkers applied to rate-limiting concentrations of ferricyanide in systems coupled to and uncoupled from photophosphorylation may help to resolve the question of the plurality of its reducing sites. Kinetic data bearing on this point have been sought already at high, uncoupling concentrations of ferricyanide (11) where the significance of the dark rate parameter is difficult to interpret.
